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Consensus recommendations for transcranial color-coded duplex
sonography for the assessment of intracranial arteries in clinical
trials on acute stroke
Abstract
BACKGROUND AND PURPOSE: Transcranial color-coded duplex sonography has become a standard
diagnostic technique to assess the intracranial arterial status in acute stroke. It is increasingly used for
the evaluation of prognosis and the success of revascularization in multicenter trials. The aim of this
international consensus procedure was to develop recommendations on the methodology and
documentation to be used for assessment of intracranial occlusion and for monitoring of recanalization.
METHODS: Thirty-five experts participated in the consensus process. The presented recommendations
were approved during a meeting of the consensus group in October 2008 in Giessen, Germany. The
project was an initiative of the German Competence Network Stroke and performed under the auspices
of the Neurosonology Research Group of the World Federation of Neurology. RESULTS:
Recommendations are given on how examinations should be performed in the time-limited situation of
acute stroke, including criteria to assess the quality of the acoustic bone window, the use of echo
contrast agents, and the evaluation of intracranial vessel status. The important issues of the examiners'
training and experience, the documentation, and analysis of study results are addressed. One central
aspect was the development of standardized criteria for diagnosis of arterial occlusion. A transcranial
color-coded duplex sonography recanalization score based on objective hemodynamic criteria is
introduced (consensus on grading intracranial flow obstruction [COGIF] score). CONCLUSIONS: This
work presents consensus statements in an attempt to standardize the application of transcranial
color-coded duplex sonography in the setting of acute stroke research, aiming to improve the reliability
and reproducibility of the results of future stroke studies.
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Outline of consensus procedure 
 
Background: Transcranial colour-coded duplex sonography (TCCS) has become a standard in 
assessing the intracranial vascular status in acute stroke. It is increasingly used for the 
evaluation of patient prognosis and the success of revascularization in multicentre trials. 
The aim of this international consensus meeting is to develop standard recommendations on 
the methodology and documentation to be used for assessment of acute intracranial arterial 
occlusion and to define criteria for the monitoring of recanalisation.  
Methods: For the consensus process, a method developed by Glaser is chosen (Glaser, 1980).  
In cooperation with a small group of experts, the authors prepare a draft manuscript (initial 
position paper). In the second step, this paper is sent to a group of international experts invited 
to participate at the consensus process. These participants are requested to give specific 
comments and suggestions. Following the receipt of these comments, a revised version of the 
manuscript is prepared. As third step, the redrafted version will be put up for discussion in a 
consensus meeting. 
Following this meeting a revised manuscript will be circulated to all participants and possible 
further comments will be incorporated. The consensus process will conclude when an 
agreement on the final version of the paper is found. 
 
The project is an initiative of the German Competence Network Stroke (ultrasound subnet). 
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Introduction 
 
Transcranial colour-coded duplex sonography (TCCS) is widely used to evaluate the 
intracranial arterial system in patients with acute stroke. As it is a non-invasive real time 
method, it can be used as a bedside tool to identify patients with compromised intracranial 
hemodynamics. Numerous studies highlight its value in diagnosis and follow-up of acute 
stroke patients. 
By combining B-mode and colour Doppler imaging, TCCS provides several advantages 
compared with transcranial Doppler sonography (TCD): (1) it reliably identifies the different 
intracranial vessel segments, (2) it allows a more detailed allocation of vessel pathologies and 
(3) by angle correction permits a more precise determination of flow velocities. Furthermore, 
TCCS enables detection of the position of the third ventricle and a potential midline shift in 
ischemic stroke (Seidel et al., 1996; Gerriets et al., 1999b; Stolz et al., 1999). Although 
intracerebral hemorrhage (including hemorrhagic transformation of stroke), aneurysms and 
arteriovenous malformations may be detected by TCCS (Becker et al., 1993; Seidel et al., 
1993; Baumgartner et al., 1996; Fischer et al., 1998; Griewing et al., 1998; Maurer et al., 
1998; Klotzsch et al., 1999; Seidel et al., 2005), it is not the first line imaging method in these 
situations. 
TCCS is increasingly used in studies on recanalisation therapies as a tool to assess occlusive 
disease of the main segments of the intracranial arteries, to evaluate early recanalisation and 
to guide therapeutic decisions (Gerriets et al., 2002; Wunderlich et al., 2005; Sekoranja et al., 
2006). Ultrasound evaluation provides important prognostic information in the acute stage of 
stroke (Allendoerfer et al., 2006; Malferrari et al., 2007; Wong and Li, 2003; Wunderlich et 
al., 2007). 
However, there is currently no systematic consensus agreement on how TCCS monitoring of 
acute stroke is best performed. Standardized recommendations are needed in order to increase 
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reproducibility and comparability of the results of TCCS studies of acute stroke especially in 
a multi-center setting. 
The aim of this consensus is to give recommendations on a standardized approach to utilize 
TCCS in multicentre acute stroke studies. 
  
 
Methods 
For the consensus process, a method developed by Glaser was chosen (Glaser, 1980). In 
cooperation with a small group of experts, the authors prepared a draft manuscript (initial 
position paper). In the second step, this paper was sent to a group of international experts 
invited to participate at the consensus process. These participants were requested to give 
specific comments and suggestions. Following the receipt of these comments, a revised 
version of the manuscript was prepared. 
 
1. How to measure 
Examination procedure 
Although there exists no formal consensus on the examination plane used for TCCS 
examinations, because in principal the examination plane can be chosen freely within the 
chosen bone window, so far all groups utilize an axial mesencephalic insonation plane 
through the temporal bone window, which allows the depiction of the circle of Willis (Zipper 
and Stolz, 2002; Baumgartner, 2003; Krejza and Baumgartner, 2004; Miralles et al., 1995). 
This plane is characterized by the butterfly shaped mesencephalon in B-mode imaging.  
The main branches of the circle of Willis (i.e., sphenoidal (M1) and insular (M2) segments of 
the MCA, precommunicating (A1) segment of the ACA, terminal (C1) segment of the ICA 
and pre- (P1) and postcommunicating (P2) segments of the PCA) can be easily recognized 
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and allocated in the colour-coded B-mode image. In case of difficulties in visualization of 
vessel segments and to localize pathological processes, an additional examination in the 
coronal plane may be of help. The entire course of each large artery and each pathological 
finding has to be investigated by colour as well as spectral Doppler sonography. The depiction 
of B-mode structures, in combination with the superimposed colour-coded flow-velocity map 
should be used for evaluation of the quality of the acoustic bone window. The colour-coded 
flow-velocity map serves as an examination tool for the presence of stenoses, occlusions and 
collateral flow through the circle of Willis. For details on the examination procedure, the 
clinical application and on normal values, it is referred to recent reviews (Zipper and Stolz, 
2002; Baumgartner, 2003; Krejza and Baumgartner, 2004). 
 
Consensus statement 1: 
An adequate interpretation of intracranial findings always requires careful assessment of the 
extracranial vasculature, as obstructive disease of extracranial vessels may severely 
compromise intracranial hemodynamics. 
 
Consensus statement 2: 
The standard extracranial protocol in the acute stroke setting does not necessarily include 
evaluation of the ophthalmic artery or supraorbital arteries. In case of relevant ICA 
pathology, an inverted flow direction does not provide further information beyond a complete 
ICA exmanination. In case of insufficient temporal bone window, evaluation of ophthalmic 
artery flow direction may be of additional value. 
 
Bone window 
The main limitation of TCCS arises from poor acoustic insonation conditions. Due to an 
insufficient temporal bone window, insonation of the basal cerebral arteries is incomplete in 
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approximately 10-20% of patients with cerebrovascular diseases (Seidel et al., 1995; Kenton 
et al., 1997; Krejza et al., 2007). Application of an ultrasound contrast agent increases the 
number of conclusive ultrasound studies and allows adequate diagnosis in about 80 to 90 % of 
those patients with insufficient bone windows (Bogdahn et al., 1993; Baumgartner et al., 
1997; Goertler et al., 1998; Nabavi et al., 1998; Gerriets et al., 1999a; Kunz et al., 2006; 
Postert et al., 1999; Zunker et al., 2002). 
A sufficient bone window can be assumed, when the ipsilateral part of the circle of Willis is 
displayed, including the intracranial C1 segment of the ICA and the M1, A1, P1 and P2 
segments. 
 
Consensus statement 3: 
As a minimal examination standard, ultrasound contrast agents should be used in the setting 
of multicentre studies: 
A 
• In case of an insufficient temporal acoustic bone window: Insufficient signal intensity 
or absent visibility of one of the above arterial segments.  
B 
• In case that UCA was given at baseline, follow-up examinations should be performed 
with UCA as well. This is important, as measured flow velocities may be higher when 
using UCA. 
 
Angle correction 
One of the advantages of TCCS over TCD is the employment of angle corrected flow velocity 
measurements. Due to anatomical variations, the angle between the transtemporally 
transmitted ultrasound beam and the major intracranial arteries varies considerably between 
different arterial segments, between similar segments of different individuals and 
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interhemispherically within the same person (Eicke et al., 1994). Angle correction reduces the 
inaccuracy of determined flow velocity values and allows to define diagnostic criteria with a 
higher sensitivity to detect intracranial stenoses (Baumgartner et al., 1999). 
 
Consensus statement 4: 
In order to prevent inadequate measurements, angle correction should only be applied to 
velocity measurements when the sample volume can be located in a sufficiently long vessel 
segment that allows sufficient tracing of the main flow vector (Giller, 1994; Zipper and Stolz, 
2002). 
In case of a stenosis being located in a curved arterial segment, angle correction should be 
omitted and the ultrasound probe should be repositioned to obtain the smallest insonation 
angle possible. 
 
Angle correction is potentially of great value for the evaluation of flow velocity differences 
between both MCAs. Asymmetry of flow velocities is an important indirect criterion for the 
diagnosis of MCA stenoses. Most importantly, as branch occlusions of the MCA cannot 
reliably be directly depicted, diagnosis of branch occlusions relies on a reduction of the M1 
flow velocity compared to the contralateral side. A prospective, angiography controlled study 
defined non-angle-corrected Doppler criteria for the detection of branch occlusions. An 
asymmetry of the mean flow velocity of >21% indicated multiple (>/=3) occluded branches 
(asymmetry index) (Zanette et al., 1989). 
Another angiography controlled study established angle corrected, contrast-enhanced TCCS 
criteria for MCA branch occlusion. An enddiastolic velocity within the M1 segment of less 
than 26 cm/s in combination with an enddiastolic ratio of <2.5 between the contralateral and 
the ipsilateral M1 segments identified branch occlusion (Ogata et al., 2005). However, this 
study was small and no specifications are made on how the criteria relate to the number of 
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affected MCA branches. Furthermore, peak velocities assessed with contrast-enhanced TCCS 
are about 10-20% faster compared to those assessed without echocontrast agents 
(Baumgartner RW et al Stroke 28:2473-2478; Khan HG, Gailloud P, Bude RO, Martin JB, 
Szopinski KT, Khaw C, Rüfenacht DA, Murphy KJ. The effect of contrast material on 
transcranial doppler evaluation of normal middle cerebral artery peak systolic velocity. AJNR 
Am J Neuroradiol. 2000;21:386-390). It is thus possible that just the criterion enddiastolic 
ratio <2.5, but not the criterion enddistolic MCA velocity <26 cm/s is useful for non-enhanced 
TCCS. 
 
Consensus statement 5: 
To date, two studies exist that investigated hemodynamics of the M1 segment in MCA branch 
occlusion. Angle corrected TCCS may allow a more accurate approach to detection of MCA 
branch occlusion. However, the studies discussed above are small and one used contrast-
enhaced TCCS, and do not allow a final statement on which criteria should be applied. 
Therefore no recommendation can be made on which of the criteria should be used in the 
setting of clinical trials, until validation of this specific issue is conducted in a larger study. 
 
In a brain lesion of great size, tissue edema may dynamically expand and modify the MCA 
course in the first hours and days after stroke onset. A resulting change of the insonation angle 
on the affected side may possibly lead to misinterpretations in comparison to the contralateral 
side. Correction of the insonation angle in space occupying stroke has not been studied so far. 
 
2. What to measure 
In single and multicenter TCD studies the Thrombolyis in Brain Ischemia (TIBI) score has 
been widely used for assessment of initial hemodynamics and recanalization (Demchuk et al., 
Stroke 2001; Alexandrov et al., N Engl J Med 2004; Molina et al., Stroke 2006). This scale 
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consists of six different degrees of hemodynamic abnormalities, which have not been 
validated externally, i.e. by angiography, as opposed to the Thrombolyis in Myocardial 
Ischemia (TIMI) system (Hackworthy et al., Am J Cardiol 1988). In fact, only TIBI grades 5 
and 4, i.e. normal flow and hyperperfusion, were found to be connected with improved 
outcome, while grades 3 to 0 are associated with worse outcome. Besides, in practice the 
subdivision in grades 1 to 3 is not unequivocal. Consequently, in studies TIBI flow grades are 
frequently dichotomized in grades 5 to 4 and grades 3 to 0. Therefore, we suggest a score 
exclusively based on known hemodynamic changes of the Doppler spectrum: Consensus On 
Grading Intracranial Flow Obstruction (COGIF score): 
In principal, in the acute stage of stroke the following hemodynamic patterns can be observed: 
(1) no flow,  
(2) low flow,  
(3) high flow  ((a) focal, i.e. stenotic,  
(b) segmental, i.e. hyperperfusion),  
(4) normal.  
The COGIF score may be applied at baseline evaluation and as a tool to assess the 
recanalisation progress in the follow-up situation. 
 
Comment on grade 1: No flow 
This is the sonographic finding corresponding to an occlusion of the M1 segment of the MCA 
or the carotid T. 
Occlusion of the M1 segment (MCA main stem occlusion): 
The main diagnostic criterion of the occlusion of the M1 segment is the absence of a color 
Doppler flow signal and Doppler spectrum in the location of the proximal MCA segment 
(Kenton et al., 1997; Gahn et al., 2000; Gerriets et al., 2000). As absence of Doppler signals 
may be a consequence of an insufficient acoustic bone window, a reliable diagnosis of arterial 
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occlusion requires a sufficient visibility of the other arteries (ACA A1-segment, C1-segment 
of intracranial ICA) or veins (deep middle cerebral vein) of the anterior circulation. 
 
Consensus statement 6: 
If the above criteria are fulfilled, it is not necessary to further confirm the diagnosis by use of 
UCAs. A minimal quality standard requires the use of UCAs when insonation conditions are 
unsatisfactory and a reliable diagnosis is not possible (see consensus statement 3). 
 
Carotid T occlusion: 
TCCS lacks angiographically validated criteria for diagnosis of carotid T occlusion. The main 
diagnostic criterion of the carotid T occlusion applied by most groups is the absence of colour 
Doppler flow signal and Doppler spectrum in the M1 segment of the MCA, the intracranial 
ICA and the ipsilateral A1 segment of the ACA. 
 
Consensus statement 7: 
Differentiation from insufficient bone window: In case of T occlusion: Good visibility of the 
ipsilateral A2 or of the contralateral anterior circulation. 
 
Consensus statement 8: 
In case of unsatisfactory conditions, UCAs have to be applied (see consensus statement 3). 
 
Consensus statement 9: 
Diagnosis of a carotid T occlusion should be additionally confirmed by presence of decreased 
flow velocities, in particular enddiastolic, in the ipsilateral cercical ICA and CCA in 
comparison to the contralateral side. 
 
 11
Comment on grade 2: Low flow 
This situation may be caused by different pathological conditions. Low flow phenomena in 
the M1 segment of the MCA may be found in case of an upstream carotid obstruction, in the 
situation of a partial recanalisation of the M1 segment of the MCA or the carotid T and in 
case of a downstream obstruction (i.e., MCA branch occlusions). An upstream and 
downstream obstruction have to be differentiated from partial recanalisation of the M1. 
Upstream obstruction: 
A hemodynamically compromising ICA lesion can reduce downstream flow velocities in the 
MCA without MCA or intracranial ICA disease. Such a lesion is also likely to produce 
compensatory flow diversion to the contralateral hemisphere thereby increasing the 
asymmetry index (Gortler et al., 1994; Baumgartner et al., 1999). In order to ascribe an 
intracranial flow reduction to an intracranial pathology, an upstream obstruction of the ICA 
therefore has to be ruled out. 
Downstream obstruction (branch occlusions): 
The diagnosis of MCA branch occlusions is based on calculation of the asymmetry index (see 
“angle correction”). This index may only be calculated if supplying carotid arteries and 
contralateral MCA can be assessed without relevant stenosis or occlusion. 
 
Comment on grade 3: High flow 
This grade includes two different pathological conditions. A focal increase in velocity 
indicates intracranial stenosis. Increased flow velocities along a complete arterial segment 
reflect hyperperfusion and may be found in the initial state of recanalisation or in case of 
collateral flow across the involved artery. 
 
Consensus question 10: 
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In a prospective study, TCCS data were correlated with digital subtraction angiography 
(Baumgartner et al., 1999). Criteria based on this study allowed reliable assessment of 
>/=50% and <50% basal cerebral artery diameter narrowing and should be applied for 
detection and follow-up of intracranial stenoses. However, these criteria have not been 
validated in the setting of acute stroke. Reactive hyperperfusion may possibly lead to 
overestimation of the degree of intracranial stenosis. 
 
 
3. Follow-up evaluation (recanalisation) 
 
Follow-up evaluation is an important issue in TCCS studies. A standardized and uniformly 
used recanalisation protocol will strongly improve the comparability of different studies.  
The time point of the follow-up evaluation cannot be generally recommended and has to be 
part of the protocol of each individual study. It has to be taken into consideration that the 
hemodynamic situation in the acute phase of vessel occlusion and during the recanalisation 
progress is subject to fluctuations. In order to prevent incorrect interpretations, the time point 
of the follow-up evaluation should therefore be well standardized within a study protocol and 
adhered to in all individual study subjects. Furthermore, care has to be taken to carry out 
follow-up measurements at exactly the same localization that was chosen at baseline (as 
defined by insonation depth and angle correction). 
 
Possible hemodynamic alterations of follow-up findings in relation to the vascular 
situation at baseline: 
 
1. Reflow  A Partial recanalisation 
   B Complete recanalisation 
 13
2. No change 
3. Worsening 
 
Comment on 1: Reflow 
Partial recanalisation is assumed in case of: 
• Improvement by one or more grades on the COGIF score. 
 
Complete recanalisation is assumed when: 
• Flow within the previously occluded vessel has developed to grades 3B or 4. 
 
Comment on 2: No change 
No change is assumed, when: 
• The grade from baseline evaluation persists. 
 
Comment on 3: Worsening 
Worsening is assumed when: 
• The flow situation deteriorates by one or more grades on the COGIF scale. 
 
Classification of recanalisation of an occluded vessel 
In case of an occluded vessel at baseline, recanalisation should be classified as: 
• Absent 
• Partial 
• Complete 
For this classification, the above criteria should be applied.  
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4. How to document 
 
Consensus statement 11: 
The ultrasound findings should be interpreted online by an experienced examiner. Later 
offline analysis of recorded videotapes has proven to be less reliable in previous studies. 
 
Consensus statement 12: 
As blinding of the examiner is not suitable, follow-up clinical assessment should be blinded 
with respect to the ultrasound findings. In case of treatment studies, the examiner should be 
blinded towards the treatment allocation. 
 
All extracranial and transcranial sonographic findings should be documented following 
established guidelines (i.e. www.degum.de/343.html). In case of unaffected vessels, this 
includes documentation of colour imaging and Doppler spectra. In case of a pathological 
finding, documentation includes recording of the pathology and of the vessel segments up- 
and downstream of the finding. Each finding has to be documented in a way that the initial 
interpretation of the examiner is comprehensible. 
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